Meniscal tears are commonly associated with anterior cruciate ligament (ACL) injuries. A deficient medial meniscus results in knee instability and could lead to higher stress forces on the ACL reconstruction.
Introduction
the role of anterior cruciate ligament (ACL) rupture in the development of knee osteoarthritis (oA) is still debated (1) (2) (3) . Many studies have analyzed and compared the natural history of "ACL-deficient" knees compared to ACL reconstructions. in a recent review, no statistical difference in clinical outcomes and return to sports activity was found between patients who underwent ACL replacement and those who underwent only rehabilitation after an ACL rupture (4) . the menisci play a fundamental role in knee oA: meniscal lesions with an intact ACL treated with meniscectomy evolved into a three-to seven-fold higher degree of radiographic oA, measured according to Ahlbäck grade (5) . However, no association has yet been demonstrated between radiographic changes and clinical symptoms (6, 7) . An increased incidence of injury to the medial meniscus after ACL tears is reported in the literature (8) . in the presence of chronic ACL lesions, the percentage of medial meniscus lesions may range from 90 to 98% (9) . Comparison of ACL ruptures only and ACL ruptures associated with meniscal tears revealed a higher percentage of radiographic oA in the second group, without a direct correlation with subjective symptoms (4) . A deficient medial meniscus may contribute to ACL failure and lead to oA and general weakness of the knee (10) . Different studies demonstrated that medial meniscectomy results in knee instability (11) , and could lead to higher stress forces on the ACL reconstruction, especially if we consider the anteriorposterior (AP) translation of the joint (12) . Comparison of the results of meniscectomy and meniscal repairs revealed a statistical difference: various studies reported worse clinical outcomes, as evaluated by the international Knee Documentation Committee (iKDC) rating system, in meniscectomy, but a higher reoperation rate with meniscal repairs (13) . the aim of this paper is to review the results of ACL reconstruction associated with meniscectomy or meniscal repair.
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radiographic oA after ACL reconstruction has been found to range from 10 to 71% (16) (Fig. 1) . in the literature, a 75-86% prevalence of radiographic oA is reported in patients affected by an ACL lesion and associated meniscectomy, at an average of 27 years after surgery (17) . According to other Authors, the combination of ACL injury and meniscal tears can lead to a higher rate of radiographic oA (prevalence 59%) compared to ACL injury alone (prevalence of 31%) at 14 years (18) . the reasons for the radiographic changes, as well as the potential protective role of ACL reconstruction, are not easy to identify. the studies reported in the literature may have different biases, due to the evaluation of different clinical scores or different radiographic projections, or differences in features of the populations considered (age, sex, activity, kind of injury, sports activity). it can be difficult to compare the prevalence of radiographic oA in ACL-reconstructed or deficient knees, as well as the percentage of protection conferred by ACL reconstruction on the progressive degeneration (19, 4) .
Etiological factors of post-traumatic osteoarthritis of the knee
Many factors can influence the development of posttraumatic oA in injured knees (20) . A recent study demonstrated that an inflammatory state after ACL reconstruction, involving mRnA expression and synovial response, could lead to oA in a sheep model. the Authors investigated joint morphology and synovial mRnA expression of inflammatory and catabolic molecules 20 weeks after ACL reconstruction. Levels of mRnA expression were investigated in different cartilage samples. At the final follow-up, early oA was detected as only slight progression of post-injury damage. However, the levels of mRnA and catabolic molecules had normalized 20 weeks after surgery. the Authors hypothesized that synovial inflammatory processes begin very early after ACL reconstruction and might lead to cartilage and joint abnormalities (21) . it has also been found that arthrosis could be induced by synovial alterations, but these are biochemical factors present after any injury. obviously, any capsule or cartilage damage associated with ACL lesions is directly linked to this process (22) . MRi studies demonstrated that subchondral lesions are present just after the ACL injury and they can evolve after many years (23) . since the prevalence of concomitant articular cartilage injuries after acute ACL tears is not precisely known, it is difficult to determine their association with the natural history of the joint. Brophy et al. suggested that the incidence of articular cartilage injury can be estimated at between 16 and 46% (24) .
The relationship between meniscal tears and osteoarthritis
it has been demonstrated that partial or total meniscectomy, compared to an uninjured knee, can be associated with a three-to seven-fold increased risk of radiographic changes (17) . these changes are extensively described in the literature (6, 25, 26) ; however, cartilage damage and joint space narrowing are not usually correlated with clinical symptoms, even if signs of initial oA are visible. Petty and Lubowitz (7) published a systematic review in order to help clarify the role of partial meniscectomy in the development of knee oA present at longterm follow-up. they selected studies, providing level i to level iV evidence, that reported either clinical outcome or radiographic oA at follow-up performed at least 8 years after partial arthroscopic meniscectomy. the studies had follow-up durations ranging between 8 and 16 years, and all showed a statistically significant incidence of radiographic oA in this population, but there was no relationship between radiographic findings and clinical symptoms (7, 27, 28) . 
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The role of meniscectomy in knee instability the medial meniscus plays an important role both in knee stability and in spreading loads (29) . Meniscal tears are often irreparable and they are commonly located in the posterior horn (Figs. 2, 3) ; they are generally treated with a partial meniscectomy (30) . total meniscectomy has been shown to increase AP instability of the knee (11) . For this reason, surgeons prefer partial meniscectomy which gives better results with, overall, fewer stability-related complications (31) . in addition, fewer radiographic changes and less joint space narrowing were demonstrated with partial meniscectomy compared to total meniscectomy (28) . Arno et al. (32) recently published the results of an MRi study performed in five fresh human male cadaveric knees. Each knee was dissected, preserving all ligaments and the quadriceps tendon. Laxity testing was performed with different loads measured in newtons and repeated at 15, 30, 60 and 90° of flexion. MRi was performed with intact menisci in all knees. subsequently, an arthroscopic partial medial meniscectomy was performed. After 22% of resection, no significant differences in AP laxity were observed, but a statistically significant increase in AP laxity was observed with at least 46% of resection. After full resection, the laxity measured was similar to that found with 46% of resection. these results showed that partial medial meniscectomy in which resection exceeded 46% of the original width of the medial meniscus altered the AP stability of the medial femoral condyle and led to increased AP laxity. these mechanical changes are responsible for an abnormal cartilage load and early oA.
How meniscectomy can influence the biomechanics of the knee the role of the meniscus and its importance in joint stabilization and load transmission in normal and ACL-deficient knees is well established (29, 33) . Unfortunately, medial meniscal tears of the posterior horn are common, and in 10-30% of cases they are associated with ACL tears. As already pointed out by others, the posterior horn, being difficult to repair, is more often removed than repaired (30). Papageorgiou et al. (12) tried to establish the biomechanical relationship between the ACL graft and the medial meniscus. Using a robotic sensor testing system, they examined 10 human cadaveric knees, measuring the kinematics of the knee and the forces on the ACL, the ACL graft and the medial meniscus in the presence of a combined anterior and compressive tibial load. Anterior tibial translation increased after ACL transection and the resultant forces on the medial meniscus were doubled. then, after ACL reconstruction, anterior tibia translations and the forces on the medial meniscus were restored to the levels of the intact knee. instead, after medial meniscectomy, the forces on the ACL graft increased between 33 and 50%. these results indicated that ACL grafts may be at increased risk of failure in 
the absence of the medial meniscus. thus, meniscal repair or replacement may protect the ACL graft from increasing stress forces. spang et al. (11) evaluated the effect of meniscectomy and meniscal allograft transplantation on the ACL and knee biomechanics of 10 human cadaveric knees. tibial displacement was recorded in relation to the position of the femur. the test was performed at 30, 60 and 90° of knee flexion. six testing cycles involving application of AP loads were performed; after each cycle, a medial meniscectomy was performed and the testing cycle was repeated. testing was performed again after a meniscal allograft transplantation. the Authors concluded that tibial displacement after meniscectomy was significantly increased at all angles. the meniscal allograft was able to restore tibial displacement to normal values at 30 and 90°. in addition, ACL tension increased after meniscectomy at 60 and 90° of flexion, and meniscal transplantation restored the strain values to normality at 60 and 90°.
Meniscectomy versus meniscal repair
Many studies have demonstrated better results with partial versus total meniscectomy in relation to weight transmission (34) , AP stabilization of the joint (33) and proprioception (35) . the percentage of meniscus removed is directly related to the development of clinical and radiographic changes in the knee joint. As previously described the meniscus exerts a protective role on the ACL reconstruction in term of stress forces. in the presence of large or irreparable meniscal lesions the most common surgical treatment is partial meniscectomy, which is kept as conservative as possible. Many techniques have been described for meniscal repair (Fig. 4) , such as inside-out or outside-in suturing techniques. Devices allowing an all-inside repair have recently been marketed. Paxton et al. (13) recently published a systematic review comparing re-operation rates and clinical outcomes after meniscal repair and partial meniscectomy surgery. the Authors demonstrated a lower long-term re-operation rate (3.9%) with partial meniscectomy compared to isolated meniscal repair (20.7%), but meniscal repairs were associated with better clinical outcomes (13) . Melton et al. (36) studied the long-term outcome of patients submitted to meniscal repair associated with ACL reconstruction. they excluded patients with previous ACL or meniscal pathology. the Authors divided the patients into two cohorts (selected for age and sex): the first cohort included patients who undergone combined ACL reconstruction and meniscectomy (Group M), while the second included patients who undergone ACL reconstruction with normal menisci (Group n). Clinical assessment included iKDC and Lysholm scores. Forty-four patients were evaluated with a median follow-up of 10 years (7.7-12.6). Patients undergoing ACL reconstruction and meniscal repair had a mean iKDC score of 84.2 compared with 70.5 (p = 0.008) in the M group and 88.2 (p = 0.005) in the n group. Among the patients with ACL reconstruction and meniscal repair, 86.2% had a Lysholm score of between 80 and 100%. the Authors concluded that good long-term outcomes can be obtained in patients after combined ACL reconstruction and meniscal repair compared to meniscectomy. in their view, it is advisable, when possible, to attempt repair of the meniscus during ACL reconstruction. 
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up X-rays were obtained in more than 60% of patients; the clinical evaluation was performed using the iKDC rating system. the analysis showed that patients who underwent partial meniscectomy associated with ACL reconstruction were more likely to develop radiographic oA than those with normal menisci at 5-10 years of follow-up. the authors described no differences between patients who underwent a meniscal repair compared to those with normal menisci. Another interesting correlation between partial meniscectomy and the development of cartilage injuries was reported in a study by Brophy et al. (24) in 2010. the authors concluded that in patients undergoing revision of ACL reconstruction, those who had previously undergone a partial meniscectomy had a higher rate of chondral lesions, whereas this association was not demonstrated in cases in which a meniscal repair was performed. the patients included in this study were candidates for revision ACL reconstructions, due to instability, laxity testing or imaging indicating ACL tears. Patients were asked to complete a series of questionnaires and the surgeons documented the clinical history, and recorded failure mechanisms, type of ACL reconstruction, and associated injuries such as meniscal tears or chondral lesions. the final cohort included 725 patients undergoing ACL revision. the results showed a direct correlation between the status of articular cartilage at the time of revision ACL and outcome; partial meniscectomy was related to the development of oA, while meniscal repair was not. Another important result was the association between partial meniscectomy and oA signs in the same compartment of the joint, which provided evidence of a direct link between meniscectomy and cartilage damage. the patients with repaired menisci showed a lower rate of oA, similar to that of knees without meniscal tears. the lateral side of the knee seemed to be more susceptible to chondral damage after partial meniscectomy, probably due to the anatomy of the lateral femoral condyle. An intact medial meniscal repair was associated with less oA in the medial compartment. An interesting finding was the association between meniscal surgery and oA in the patellofemoral joint, probably attributable to associated injuries during the first trauma that led to ACL rupture and to a biochemical response occurring just after the lesion and after the surgical treatment. these findings suggest that, when possible, it is preferable to perform meniscal repair at the time of ACL reconstruction, but this is not applicable to all lesions, as we said before.
Discussion
there are various aspects of ACL injuries that surgeons should bear in mind when approaching an ACL reconstruction. An ACL rupture is the start of a pathway that leads to inevitable changes in the knee. First of all, the indication for ACL reconstruction should be carefully evaluated, taking into account the patient's characteristics. in order to obtain better results the surgeon should carefully evaluate any associated injuries. Meniscal tears are among the injuries most commonly associated with ACL tears. Meniscal tears treated with meniscectomy have been shown to evolve into a higher degree of radiographic oA, three to seven times greater than that occurring in a normal knee. Association of an ACL lesion with meniscal tears increases the prevalence of long-term radiographic oA (prevalence 59%) compared to ACL injury alone (prevalence of 31%). the precise natural history of an ACL-deficient knee is not known, but ACL tears lead to degenerative changes in the knee. this process involves many other injuries, involving the capsule, cartilage and ligaments, that can be associated with ACL lesions. in these cases an inflammatory state with catabolic molecules is responsible for cartilage damage, especially immediately after the injury. similar biochemical modifications have been described after surgical treatment. the medial meniscus is an important structure in the knee, involved in stabilizing the joint and spreading loads. it has been demonstrated that meniscectomy plays a role in knee instability, and some authors have suggested that it plays a role in ACL graft failure. it is also very important to consider the bi-directional relationship between the ACL and the medial meniscus; their biomechanical interdependence is involved in stabilizing the joint. it has been shown that after ACL rupture, tibial translation increases and the resultant forces on the medial meniscus are doubled. the literature reports that total meniscectomy leads to increased AP instability of the knee: the more meniscus the surgeon removes, the more joint stability is lost. Meniscectomy exceeding 22% of the total width of the medial meniscus does not cause instability, whereas when it exceeds 46% of the total width, the resulting instability is comparable to what is observed in the absence of the meniscus. these mechanical changes are responsible for an abnormal cartilage load and early oA. instead, after medial meniscectomy the forces in the ACL replacement graft increased between Meniscal surgery in aCl reconstruction J oints 33 and 50%. this bi-directional correlation explains why the surgeon should preserve the medial meniscus, to reduce the forces acting on the graft. An analysis of literature comparing meniscectomy and meniscal repair showed that meniscectomy has a lower re-operation percentage in the long term, but meniscal repair is associated with better clinical outcomes. Many Authors recommend that meniscectomy should be kept as conservative as possible or that every effort should be made to repair the meniscus, when possible during ACL replacement (36) , in order to reduce the risk of development of oA (37) . in conclusion, ACL rupture can lead to clinical and radiological changes in the knee, but commonly these are not directly correlated. ACL and meniscal lesions could also be involved in knee oA. the menisci contribute to stabilizing the joint, to an extent that is directly related to their dimensions. Meniscal tears are sometimes irreparable due to the site of the lesion, in particular when the damage is located in the posterior horn. the literature shows that meniscal repair gives better clinical and radiological outcomes: surgeons should, when possible, always try to suture meniscal tears in order to protect the ACL graft and obtain better long-term outcomes.
